1. Introduction {#sec1}
===============

Pheochromocytomas (Pheo) and paragangliomas (PGL) are rare neuroendocrine tumors arising from chromaffin cells of the adrenal medulla and from extra-adrenal autonomic paraganglia, respectively, with an estimated incidence of 0.8 cases per 100,000 person-years \[[@B1]\]. Pheo and sympathetic PGL are almost always functional (i.e., clinically active) while parasympathetic PGL are usually not \[[@B2]\], since only 1--3% of head and neck PGL (HNPG) show elevated catecholamines. At least 30% of Pheo and PGL (PCPG) are associated with germline mutations in certain susceptibility genes \[[@B2], [@B3]\]. However, different mutations may display different phenotypes, including tumor type, location, frequency, risk of malignancy, and heritability pattern. Since genetic testing is expensive and not widely available in most countries, prioritizing genetic testing requires a careful clinical and biochemical evaluation, which can significantly reduce costs and improve health care \[[@B4]\]. Functional imaging modalities may also be useful adjuncts for both diagnosis and workup for metastatic disease. Somatostatin receptor scintigraphy has been recently proposed as a useful method for localizing PGL, particularly in the head and neck \[[@B5]\]. We hereby present a case of head and neck catecholamine producing PGL, emphasizing on the importance of an individualized approach by a multidisciplinary team to guide diagnosis, treatment, and surveillance protocols based on current management recommendations.

2. Case Report {#sec2}
==============

A 33-year-old man underwent a CT scan after a mild traumatic brain injury. The study revealed an incidental brain mass, which was initially considered to be a meningioma. The patient was referred to the National Institute of Neurology and Neurosurgery for surgical treatment. His family history was unremarkable for oncologic diseases. His past medical history as recalled by the patient included the resection of an abdominal para-aortic PGL at 11 years of age and a Pheo at 19 years of age. At that time, the patient was living abroad, where he was evaluated and treated, but his medical records were not available after request at the time of his referral to our center. During his childhood, he was initially evaluated because he had clinical symptoms of intermittent claudication, chest pain associated with exertion, severe hypertension, tachycardia, and excessive sweating. After a PGL was diagnosed, he was subject to a complete tumor resection and remained asymptomatic for 8 years, when the routine follow-up examination showed a marked elevation of catecholamines. A new imaging study was made, which revealed a right adrenal gland pheochromocytoma, which was also surgically removed, becoming once again asymptomatic for several years, after which he lost follow-up in that facility. During that time, he moved to Mexico, where he continued having an apparently normal life without any further medical evaluation for the next 14 years, up until the event of the head trauma.

During our initial evaluation, the patient was found to have right moderate hearing loss, right proptosis, optic nerve atrophy with right temporal hemianopsia, and face hyperesthesia in the area corresponding to the V2 and V3 branches of the trigeminal nerve. Blood pressure was reported to be intermittently high, between 130/90 and 140/100 mmHg. No weight changes, fatigue, nausea, hair loss, or other hormone deficiency-related symptoms were referred by the patient after purposely inquiring. The MRI was initially reported to be compatible with a meningioma vs. a hemangiopericytoma; however, the medical history called for additional diagnostic workup ([Figure 1](#fig1){ref-type="fig"}). Laboratory results showed normal metanephrines 208 *μ*g (normal range 86--320 *μ*g/24 H) and elevated normetanephrines 10,828 *μ*g (normal range 120--400 *μ*g/24 H; 27 times the upper limit of normal); the rest of the hormonal tests were normal. The diagnosis of a functioning PGL was then established, but the low incidence of functioning HNPG as well as the apparently aggressive behavior lead us to request a positron-emission tomography-computed tomography (PET-CT) with 68Ga-DOTATATE, which showed an increased expression of somatostatin receptors in the lesion ([Figure 2](#fig2){ref-type="fig"}). The single-photon emission computed tomography with metaiodobenzylguanidine (SPECT-CT 131-MIBG) was also positive in the skull base lesion, related to an abnormal synthesis of catecholamines ([Figure 2](#fig2){ref-type="fig"}).

The patient was started on medical preoperative management with selective alpha-blockade (Prazosin) in a 3 mg three times a day dose and nifedipine 30 mg daily for two weeks, with the systolic blood pressure being lowered to 130/80 mmHg, when he was started on beta-blockers (Atenolol) 50 mg twice a day for an additional six weeks. In order to reduce excessive bleeding risk during open surgery, the decision was made to perform an endovascular preoperative embolization of the right maxillary artery using polyvinyl alcohol microspheres. Despite adequate preoperative medical treatment, the patient suffered from alternating episodes of bradycardia and supraventricular tachycardia, as well as hypertensive crisis during the procedure, when only 40% of the tumor been successfully embolized. The endovascular procedure was stopped, and an emergency MRI was performed. The image showed signs of increased intracranial pressure without any areas of hemorrhage or ischemia; however, since the patient had an altered mental status and bilateral pupillary dilation, a decompressive hemicraniectomy was emergently performed. After a successful intervention, he was transferred to the intensive care unit (ICU) for recovery.

After 20 days from the initial procedure, the patient was scheduled for a second embolization procedure and tumor resection surgery. After the second embolization, 95% of the tumor was successfully embolized without any complications, and 48 hours, later the patient underwent surgery achieving a subtotal tumor resection ([Figure 3](#fig3){ref-type="fig"}). He had an excellent postoperative recovery period with normalization of previously elevated catecholamines and improvement of his visual field, and was discharged home without further complications. He has now been followed-up for an additional 2 years. His blood pressure is normal without any medication, his urinary and serum catecholamines are normal, and the tumor remnant has not increased in follow-up MRI scans ([Figure 3](#fig3){ref-type="fig"}).

The genetic testing showed a heterozygous *SDHB* gene mutation, reference sequence; NM_003000.2: c.136C\>T, NP_002991.2: p.Arg46^*∗*^ (clinvar: RCV000505277.1), which has been reported to be a pathogenic variant.

3. Discussion {#sec3}
=============

PCPG are neuroendocrine tumors arising from chromaffin cells, which can produce catecholamines. The most common location is the adrenal glands (Pheo), while extra-adrenal tumors are called PGL \[[@B5]\]. The classical clinical presentation of functioning PCPG includes paroxistic hypertension, headache, and diaphoresis; a positive family history may be found in 30--40% of cases. These lesions can be found incidentally in 5% of cases \[[@B6]\]. Even though most HNPGs are clinically silent, some of them are actively synthesizing catecholamines but degrading them quickly inside the tumor tissue, without any biochemically or clinically significant secretion into the bloodstream under normal conditions. However, since these peptides may be released during surgical procedures or manipulation, planning an optimal preoperative medical management strategy with a multidisciplinary team is mandatory \[[@B7], [@B8]\]. The treatment of choice is a complete surgical resection, which may be difficult to achieve depending mainly on tumor size and location, as well as the team\'s surgical experience. For this reason, endovascular embolization has been extensively described in the management of several head and neck vascularized tumors including PGL \[[@B9]\]. Even though preoperative embolization has proven to reduce blood loss and operative time in the resection of most HNPG \[[@B10], [@B11]\], some particular indications have not been clearly defined, as in the case of carotid body tumors \[[@B12], [@B13]\]. However, in other types of PGL such as in this case, preoperative embolization has proven to be a useful adjunct to improve surgical conditions when performed appropriately by an experienced team \[[@B9], [@B14], [@B15]\]. Cranial base PGL may be an even stronger indication due to the relatively difficult access to this location \[[@B12]\]. It is important to consider the risk of cranial nerve palsies and other complications after preoperative embolization so that a correct decision can be made regarding the appropriate treatment for these patients.

Patients presenting at a young age, with multiple endocrine tumors, either synchronous or asynchronous, a positive family history, or other syndromic manifestations have an increased risk of having an underlying genetic mutation. Regardless, current recommendations suggest that all patients diagnosed with PCPG should be considered for genetic testing, since up to 30% of apparently sporadic cases may be associated to a germline mutation \[[@B16]\]. Different phenotypes, including location, size, risk of malignancy, and other associated tumors, have been linked to individual germline mutations. Based on these differences, particular management and surveillance guidelines have been proposed according to the genetic profile. \[[@B17]\] Approximately 20% of PGL are located in the head and neck, representing around 0.6% of all head and neck tumors and 0.03% of all tumors \[[@B7]\]. However, certain germline mutations may be associated with a significant predisposition for HNPG, with an estimated risk of 30% in cases of *SDHB* mutations but up to 79% in *SDHD* mutations \[[@B16]--[@B18]\]. Germline mutations in the *SDHB* gene are transmitted in an autosomal dominant pattern with an incomplete penetrance. The mean age at diagnosis is approximately 30 years, similar as in other germline mutations \[[@B19]\]. The penetrance of SDHB mutations varies widely but is generally lower than that of *SDHD* or *SDHAF2* mutations, with reported values of 20% at 50 years and 40% at 70 years of age \[[@B20], [@B21]\]. Tumors associated to this mutation occur most commonly at thoracic or abdominal extra-adrenal locations, but HNPG may be present in 20--30% of cases. Even though multifocal disease is not as frequent as in the case of other mutations (such as *SDHD*), *SDHB* mutations carry an increased risk for malignant transformation of PCPG as well as other malignant tumors such as renal cell carcinoma or thyroid carcinoma \[[@B16], [@B17], [@B19], [@B22]\]. In addition to the *SDHB* mutation status, several risk factors have been identified for malignant transformation of PGL as well as for overall survival in these patients, such as age at diagnosis, tumor size, and presence of synchronous metastases \[[@B1], [@B23]--[@B25]\]. In the present study, we describe the case of a patient with an initial diagnosis of a PGL during the pediatric age that developed other asynchronous and functioning tumors during the following 22 years. His initial age at diagnosis increases the chance of having a genetic mutation to \>40%, while the biochemical profile and tumor location suggested that an *SDHB* gene mutation might be the culprit \[[@B22]\]. The clinical manifestations of parasympathetic-derived tumors arise mainly due to their large size and compressive effects such as hearing loss and cranial nerve palsy. Studies suggest that up to 41% of patients with functioning PGL have a germline mutation in one of the known common susceptibility genes (including *NF1*, *VHL*, *RET*, *SDHB*, *SDHD*, and *SDHC*). Up to fifty-three percent of patients coursing with at least one extra-adrenal PGL have an identified mutation \[[@B22], [@B26]\]. In this particular case, differential diagnosis must be established with an *SDHD* gene mutation, which is also associated with PCPG but present a rather different phenotype \[[@B27]\]. As in this case, the most commonly mutated gene is *SDHB*, which carries the highest risk of malignancy (up to 40%) and therefore present a poor prognosis \[[@B27]\]. The identification of a germline mutation in the *SDHB* gene demands close surveillance since these patients have a 4.7% risk of developing renal cell carcinoma by the age of 60 \[[@B26], [@B27]\]. A genetic test result will help us establish an adequate follow-up plan for the patient and his relatives to offer a more precise genetic counsel considering his prognosis and future quality of life.

At his age, he has already undergone four surgeries, and the cardiovascular and anesthetic risks have been increasing, not to mention the risk of malignancy or regrowth since the primary cranial tumor was not completely resected. Genetic counseling is also important in these patients in the long term due to the association of other endocrine and nonendocrine tumors \[[@B22], [@B27]\]. Close follow-up must be established in this patient in order to detect any tumor recurrence or other de novo neoplasms associated with his genetic condition. Current recommendations suggest that carriers of these mutations need to be screened for tumors beginning at age 5 at 6- to 12- months intervals. Biochemical testing (urinary or plasma metanephrines) is suggested annually, an anatomical imaging study (MRI or CT scan of the abdomen, thorax, and pelvis and skull base/neck) every 2 years, with further consideration of a functional imaging test (MIBG scintigraphy, PET-CT scan) \[[@B28]\]. Screening for renal cell carcinoma should also be considered \[[@B29]\]. However, follow-up must be individually tailored in every case, especially when malignant or remnant tumors are suspected or when clinical symptoms are present \[[@B30]\]. A successful transition from pediatric to adult care is mainstay for an adequate follow-up of these patients. In this case, the patient was lost to follow-up for several years without any medical evaluation, despite the fact that he had been closely monitored during his pediatric years. Apparently, neither the patient nor his family remember being told about the possibility of a new tumor later in life and they did not keep any documents from his consult visits, which would have increased our diagnostic suspicion and expedited the management. Given the cost of genetic testing, the family members have declined evaluation, which could also be a great limitation for an adequate treatment in many emerging economies.

4. Conclusion {#sec4}
=============

The present case adequately highlights several important aspects to consider during the diagnostic workup and management of patients with PCPG. A complete family history and a detailed past medical history are necessary to raise suspicion about a certain disease pattern, while the appropriate laboratory and imaging studies are useful adjuncts to confirm the diagnosis. Preoperative management must be tailored to each patient and carefully considered since it may influence outcomes as much as the procedure itself. Even though there are risk factors associated to a germline mutation, genetic testing should be considered in all patients with PCPG in order to plan accordingly the appropriate follow-up plan and to offer adequate genetic counsel to the patients and their relatives. A multidisciplinary team must be actively involved in every aspect of the patient\'s care in order to enhance an adequate decision-making process.
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![T1 Enhanced-MRI: tumor lesion located at the right skull base with 163.2 cm^3^ volume.](CRIE2020-6827109.001){#fig1}

![Transversal image from the full body PET-CT scan with 68GA-DOTATATE (a) and 131-MIBG SPECT (b) showing intense uptake in the skull base tumor.](CRIE2020-6827109.002){#fig2}

![Follow-up MRI with residual tumor lesion near the sellar region extending to nasal cavity with 11.9 cm^3^ volume.](CRIE2020-6827109.003){#fig3}
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